A field experiment was conducted at Sakha Res. Station, Kafr El-Sheihk Governorate during summer seasons (2017and 2018), to evaluate the effect of irrigation regime (i.e: traditional irrigation and cutoff irrigation when it reaches to 85% of furrow length) and applied N-fertilizer doses (one, two and three doses) on nitrate leaching losses into field tile drains in clay soil as well as productivity of irrigation water, yields and N-uptake of maize plant. The obtained results indicated that: Cutoff irrigation received the lowest amount of irrigation water and drain discharge rates. Cumulative amounts of drainage water were lower with cutoff irrigation than that observed under traditional irrigation. N-fertilizer application in two and three doses especially, with cutoff irrigation resulted in moderate increased of soil NO 3 -content after every dose and slightly decreased after the followed irrigations while, one dose application resulted in the highest values of NO 3 -content in the soil and rapidly decreased after the followed irrigations. N-fertilizers application in two or three doses resulted in decrease of nitrate concentration and losses in drainage water than the addition of one dose especially, under cutoff irrigation. The estimated losses of NO 3 -or N-NO -3 in drainage water were increased when addition of N-fertilizer in one dose than two and three doses by 12.42 and 16.51% in the first season of study and 13.33 and 16.54 % in the second season, respectively under cutoff irrigation. The corresponding percentages were 19.02 and 22.04% in the first season and 19.12 and 22.88 % in the second season, respectively under traditional irrigation. N-fertilizer application in three and two does led to an increase in maize grains yield by about 14.84 and 10.59 % in the first season and 14.84 and 11.26 % in the second seasons, respectively as compared to one dose. Cutoff irrigation tends to increase maize grains yield by 2.44% in the first season and 2.13 % in the second season than traditional irrigation. The combination between irrigation and N-fertilizer doses data showed that, both irrigation treatments with addition of N-fertilizer in three doses resulted in relatively higher yield of maize (3470 kgfed. ) followed by two doses (3318 kgfed.
INTRODUCTION
Subsurface drainage is important for agricultural production, but nitrate-N concentrations in drain effluent often exceed the 10 mg/L,which is the maximum contaminant level set by the Environmental Protection Agency for drinking water. Nitrate contamination of tile drainage water with intensive agricultural production systems has become a serious environmental and economic concern. Drain effluent may increase the nitrate-N concentration of the outlet water body, increasing the health hazard if the water body is used as a drinking water source (Bjorneberg et al., 1996 , Kladivko et al., 2004 and 2010 . Nitrate transport, however, occurs throughout the season, and the major mass losses occur when the majority of the water flow occurs (Ibrahim et al. 2003 , Antar 2007 , Ramadan et al.2009 , Maija et al. 2012 and El-Hawary 2012 .
Farmers growing different crops in the Mediterranean areas traditionally apply high rates of both water and nitrogen fertilizers. It is difficult to maintain the balance of available nitrogen required satisfying crop needs and the same time minimizing leaching losses, even though fertilizers combined with soil mineralization can provide large amounts of inorganic nitrogen. The use of an excessive amount of nitrogen fertilizers increase the partially leach nitrate. Leaching occurs if an excess of water flow through drainage system. The leaching losses of nitrate-N from the root zone can be affected by the concentrations of NO 3 -N in the soil profile at the time of percolation of water from the root zone. The time between supply of the available form of nitrogen in the soil and plant uptake of N can affect the leaching of NO 3 -N (Bakhsh et al., 2002 and Ramadan et al.2009 ). The considerable variation in NO 3 -concentration in drainage water may be ascribed to several factors including soil properties, amount of irrigation water, temperature of the air and evaporation rates, drainage system, forms and rate of applied fertilizers, uptake by growing plants and adsorption and fixation of NH + 4 on the 2: 1 type clay minerals ( (Nasseem, 1991 , Dinnes et al., 2002 , Bakhsh et al., 2002 and Ramadan et al.2009 ). Also, Gheysari et al., (2009) indicated that the movement of nitrate out of the root zone depends on the soil hydraulic properties, the amount of irrigation, nitrogen applied, the nitrogen form and time application. Several researchers have monitored tile drain flows to study nutrients losses from different agricultural management practices (Drury et al., 1996; Bakhsh et al., 2002; Ibrahim et al., 2003; Antar 2007; Ramadan et al., 2009; Kladivko et al., 2010; Maija et al. 2012 and El-Hawary 2012) . Sexton et al. (1996) found that N losses by leaching were 30 and 78 kg /ha/year with rates of fertilizer N of 100 and 180 kg ha -1 year -1 , respectively. Milburn and Richard (1994) and Bjorneberg et al. (1996) reported that 50%to 85% of the annual drain flow and 45% to 85% of the annual NO -3 -N losses occurred when crops were not actively growing. Bakhsh et al. (2002) and Bjorneberg et al. (1998) showed a high correlation (R 2 =0.89) between annual subsurface drainage flow volume and the annual NO 3 -N leaching losses with subsurface drainage water.
Maize crop is one of the food crops that have several uses, whether as a food for man or as animal feed, due to its high nutrition value. Also, maize enters in the process of manufacturing some important products such as corn oil, fructose and starch.
Controlled of irrigation and fertilizers studies can therefore be useful in reducing NO 3 -N leaching losses and consequentially improving surface and groundwater quality. The objectives of the present work were to evaluate the effect of irrigation (without cutoff irrigation and cutoff irrigation at 85% from furrow length) and applied of N-fertilizer (one, two and three doses as urea) on nitrate leaching losses into field tile drains in clay soils as well as yields and uptake of maize plant.
MATERIALS AND METHODS

1-Field experiment and location:
A field experiment was conducted at the Experimental Farm of Sakha Agric. Res. Station Kafr ElSheihk Governorate during two summer growing seasons (2017and 2018), to evaluate the effect of applying two irrigation regimes (without cutoff irrigation and cutoff irrigation when it reaches to 85% of furrow length) and applied N-fertilizer doses (one, two and three doses) on nitrate leaching losses into field tile drains in clay soils as well as yield and N-uptake of maize plant. The location is situated at 31°07′ 33″ N latitude and 30°57′ 53″ E longitude. The tile drains were spaced at 20 m between drains, 1.2 m depth and 100-m length with a slope of 0.1%. The field was plowed with moldboard plow to a depth of 20 cm. The soil has a clayey texture, The initial of some soil properties for the experimental field are presented in Table (1) . 
2-Experimental treatments and field measurements
The experiment was conducted in two ways randomizes block design as follows: 1-Cutoff irrigation at 85 % from furrow length with Nfertilizer one dose 2-Cutoff irrigation at 85 % from furrow length with Nfertilizer two doses. 3-Cutoff irrigation at 85 % from furrow length with Nfertilizer three doses 4-Traditional irrigation without cutoff with N-fertilizer one dose 5-Traditional irrigation without cutoff with N-fertilizer two doses 6-Traditional irrigation without cutoff with N-fertilizer three doses Seeds of maize (Zea maize), Single Pioneer Hybrid No. 10, were planted on June 12, 2017 and June 15, 2018. All plots received 50 kg/fed Ca-superphosphate (15.5% P 2 O 5 ) during tillage operation, and 120 kg N/fed.(Urea 46.5% N) was applied in one dose (before the first irrigation), two doses (before the first and second irrigation) and three doses (before first, second and third irrigation). The different agricultural practices were done as recommended through the two growing seasons.
Drain discharge rates were manually measured two times per day when drain flow occurred, using bucket and stop watch method (ILRI, 1974 ) . Moreover the amounts of drainage water m 3 fed -1 are estimated. Water samples from tile drains were collected at different times of the day then, composite daily drainage water samples were taken for analysis. The drainage water samples were analyzed for NO -3 . Also disturbed soil samples were taken to a depth of 0.6 m, before cultivation, after the first and second irrigations and at the end of growing seasons. Soil and water samples were analyzed for NO -3 using Kjeldahl method according to (Cottenie et al., 1982) . The maize was harvested at the end of the season then maize grain and straw yields were determined. Grain and straw samples of maize were taken and dried at 70 o C, grounded with a mill and its Nitrogen content (as NO -3 ) was determined using Kjeldahl digestion (Cottenie et al., 1982) . N-uptake (kg fed -1 ) was calculated by multiplying dry yield (kg fed -1 ) by N % (N content in percentage either for grain and straw).
3-Applied irrigation water:
Irrigation water was measured by using a rectangular sharp crested weir. The discharge was calculated using the following equation as described by (Masoud, 1969) 
-Productivity of irrigation water (PIW, kgm -3 )
Productivity of irrigation water is generally defined as crop yield per cubic meter of water and it is calculated according to Ali et al., (2007) as follows: PIW = Gy/WA Where:
Gy= Grain and straw yields, kg fed. Data for grains and straw yields of maize were recorded and were subjected to statistical analysis by ANOVA technique according to Sendecor and Cochran (1980) .Treatments were compared by Duncan's multiple range test (Duncan, 1955) . Table ( 2) indicated that, planting irrigation received the highest amounts of irrigation water compared to other irrigations. Also, the amounts of planting irrigation were nearly the same for all treatments. Data also, indicated that, cutoff irrigation at 85 % from furrow length received the lowest amount of irrigation water compared to traditional irrigation without cutoff. This is due to, increasing irrigation period under traditional irrigation without cutoff. Irrigation water amount nearly the same in both seasons. The values of total applied irrigation water varied from 2572 to 2592 m 3 fed.
RESULTS AND DISCUSSION
-1 for cutoff irrigation treatments and from 3050 to 3068m 3 fed.
-1 for traditional irrigation treatments in both season seasons. Also, data showed that doses of nitrogen fertilizer had no effect on amount of irrigation water for both seasons. Figs (1 and 2) shows that, the drain discharge was decreased with time especially in the first few days after all irrigation cycles. Drain discharge rates varied from 6.56 to 10.93 mm day -1 after one day from irrigations and from 0.49 to 0.67 mm day -1 before the next irrigation in both seasons, these results could be explained as Antar (2007) and Ramadan et al.(2009) indicated that in clay soil, the majority of discharge water is from water movement through soil cracks and macro pores. The water flow decreases sharply when the clay swells after a few days of irrigation. Data also showed that, the drain discharge rates (mm day Table ( 3) showed that the cumulative drainage water amounts (m 3 fed.
-1 ) through planting irrigation nearly the same values for all treatments and were higher compared to irrigation ones. Also, these amounts of drainage water with traditional irrigation were higher than with cutoff irrigation for all irrigation cycles in both seasons. Total cumulative drainage water amounts throughout the irrigation cycles of maize growing season varied from 646 to 659 m 3 fed.
-1 with an average of 653 m 3 fed.
-1 for cutoff irrigation treatments while, from 782 to 791 m 3 fed.
-1 with an average of 787 m 3 fed.
-1 for traditional irrigation in both seasons. This is due to high amount of irrigation water with traditional irrigation compared to cutoff irrigation (Table 2) . N-fertilizer doses do not effect on total cumulative drain discharge throughout the irrigation cycles of maize growing season in both seasons. Table ( 4) show that NO 3 -content of the soil was decreased markedly with the soil depth in both growing seasons. This may be due to the relatively high content of organic matter (OM) which decreased gradually with the depth and due to the addition of mineral Nfertilizers on the soil surface. Data also showed that, NO 3 -contents of the soil before fertilizer application were low and varied from 15 to 29 ppm and increased after fertilizer application in both seasons. Data also showed that, the contents of NO 3 -were reduced at the end of the seasons due to rapid N-uptake by plants after irrigation directly where the soil water tension is very low. Similar results were obtained by Ibrahim et al., (2003) and Antar, (2007 and 2013) .
Data also showed that, NO 3 -content of the soil after N-fertilizer application, in both seasons were higher to some degree with cutoff irrigation at 85 % from furrow length (varied from 26 to 77 ppm) than with traditional irrigation (varied from 21 to 69 ppm). This may be explained on the basis of cutoff irrigation which causes a decrease in drainage water (Table, 3 ) and consequently, increase in the amounts of nutrient in soil solution.
Whereas, cutoff irrigation at 85 % from furrow length improves irrigation efficiency and were reduces the potential for nutrient loss through better irrigation and runoff control.
Data (Table, 4 ) also showed that, the addition of Nfertilizer as one dose (after first irrigation) resulted in the highest values (ranged from 31 to 77 ppm) of NO 3 -content in the soil and rapidly decreased after followed irrigations. While, the addition of N-fertilizer as two and three doses (after first and second irrigations with two doses and first, second and third irrigations for three doses) resulted in moderate increased (ranged from 25 to 55 ppm) of soil NO 3 -content after every dose and slightly decreased after followed irrigations. On the opposite, at the end of seasons the higher values of NO 3 -content in soil were observed with addition of N-fertilizer as three doses followed by two doses while, the lowest values were observed with one dose. The overall mean values of soil NO 3 -content at the end of seasons were 19.0, 23.2 and 29.5 ppm for Nfertilizer of one, two and three doses, respectively under cut off irrigation. The corresponding values were 17.0, 20.4 and 25.8 ppm, respectively with traditional irrigation. 
4-Nitrate in drainage water:
Concentrations of nitrate in drainage water during the two growing seasons (Figs 3 and 4) were ranged from 13 to 98 ppm. These concentrations before fertilizer application (Through planting irrigation) varied from 13 to 20 ppm. NO 3 -concentration in drainage water was increased after fertilizer application (after first irrigation with one dose, first and second irrigations with two doses and first, second and third irrigations for three doses of Nfertilizer) and reduced again through the latest irrigations. These results revealed clearly that the NO 3 -concentrations in drainage water were paralleled to the NO 3 -content of the soil through both seasons. The increase in NO 3 -concentrations after fertilizer application can be explained on the base of the addition of N-fertilizer before the first, the second and the third irrigations. Also, the decrease losses of NO 3 -under the latest irrigations with all fertilizers treatments, may be attributed either to the decrease of N concentration in the soil solution and/or to the increasing demand of maize plant of N during this growth stage. Similar results were obtained by Ramadan et al. (2004 ), Maija et al. (2012 and Antar, (2007 and 2013) .
Data illustrated in Figures (3 and 4) Kladivko et al. (1991) stated that nitrate concentrations in tile drainage water were usually >10 ppm. Similar results were obtained by Ramadan and El-Leithi, (1999) and Ibrahim et al. (2003) .
5-Total losses of nitrogen via drainage water:
Data in Table ( The leaching losses of nitrate-N from the root zone can be affected by the concentrations of NO 3 -N in the soil profile at the time of percolation of water from the root zone. The time between supply of the available form of nitrogen to the soil and plant uptake of N can affect the leaching of NO3-N (Bakhsh et al., 2002 , Ramadan et al.2004 and Antaer 2013 . In this concern, Sexton et al. (1996) found that N losses by leaching were 30 and 78 kg /ha/year with rates of fertilizer N of 100 and 180 kg ha -1 year -1 , respectively.
Data also (Table 5) show the nitrogen losses in drainage water under cutoff irrigation were recorded somewhat lower values as compared to traditional irrigation. The average values of NO -3 losses in drainage water throughout maize growing season varied from 19.97 to 24.02 kg fed.
-1 for cutoff irrigation while, from 25.73 to 33.37 kgfed.
-1 for traditional irrigation in both seasons. This could be due to the control of water distribution with negligible water losses under cutoff irrigation. Also, these decrements in losses of nitrogen under cutoff irrigation could be attributed to that under traditional irrigation, the chance for more leaching downward for both water and its load of fertilizers could be happened. In this concern, Bjorneberg et al. (1998) and Bakhsh et al. (2002) 6-Maize yield and N-uptake: Data presented in Table ( 6) showed that there were significant differences in maize grains yield between fertilizer doses treatments as well as irrigation treatments. Results showed that, cutoff irrigation at 85 % from furrow length achieved favorable effects in the maize yields. Whereas, maize grains yield were decreased under traditional irrigation than cutoff irrigation by 2.44 and 2.13 % for the first and the second seasons, respectively. These decrements in production of maize yield could be attributed to that under traditional irrigation which received high irrigation water; the chance for more leaching downward for both water and its load of fertilizers could be happened. On the other hand, under cutoff irrigation which accompanied with less water content, more energy is forced to extract more water with its content of fertilizers, which in turn resulted in decreasing the withdrawn of fertilizers. Similar results were obtained by El-Hamdi and Knany (2000) .
Results also, showed that, the addition of Nfertilizer as three doses was superior to two doses as well as the addition of N-fertilizer as two doses was better than the addition as one dose in enhancing maize yields. Whereas, the addition of N-fertilizer as three and two does were increased of maize grains yield by about 14.84 and 10.59 % in the first season and 14.84 and 11.26 % in the second seasons, respectively as compared to the addition of N-fertilizer as one dose. Data also, sowed that, slightly effects were realized in maize straw yield for all treatments.
The combination between irrigation and N-fertilizer doses data showed that, cutoff irrigation at 85 % from furrow length or traditional irrigation with addition of N-fertilizer as three doses resulted in high yields (3470 kgfed.
-1 , overall mean) of maize followed by N-fertilizer as two doses(3318 kgfed.
-1 , overall mean) with both irrigation treatments and both seasons. While, the addition of N-fertilizer as one dose with both irrigation treatments resulted in low yields (2955 kgfed.
-1 , overall mean) of maize. Data in Table (7) showed that, N-uptake by maize were parallel to the yields results in both seasons. Whereas, treatments application caused significant increases of Nuptake of maize grains yield. Results showed that, cutoff irrigation at 85 % from furrow length achieved favorable effects in N-uptake of maize grains yield. N-uptake by maize grains yield were decreased under traditional irrigation than cutoff irrigation by 2.68 and 2.80kg fed -1 for the first and the second seasons, respectively. The reduction of N-uptake by maize could be attributed to that under cutoff irrigation which accompanied with less water content, more energy is forced to extract more water with its content of fertilizers, which in turn resulted in decreasing the withdrawn of fertilizers. Similar results were obtained by El-Hamdi and Knany (2000) .
Data Table ( 7) showed that, the addition of Nfertilizer in two or three doses was more pronounced on increasing N-uptake by maize grain yield as compared to one dose application. The addition of N-fertilizer as three and two doses were increased of N-uptake by maize grain yield by 16.48 and 9.58 kg fed -1 in the first season and 14.45 and 8.62 kg fed -1 in the second seasons, respectively as compared to the addition of N-fertilizer as one dose. Data also, showed that, slightly effects were realized in increasing N-uptake by straw yield of maize with addition of N-fertilizer as three or two doses.
Data showed that, the high values of N-uptake by grains of maize were observed with the combination between N-fertilizer as three doses under both irrigations treatments, followed by N-fertilizer as two doses and the low values were found with N-fertilizer as one dose under both irrigations treatments in both seasons. The overall mean values (two seasons) of N-uptake by maize grain yield were 72.84, 66.53 and 56.87 kg fed-1 for cutoff with three doses, cutoff with two doses and cutoff with one dose and 69.80, 63.37 and 54.84 kg fed.-1, for traditional irrigation with three doses, traditional with two doses and traditional with two doses respectively. In generally, the high values of N-uptake by maize plant with N-fertilizer as three or two doses under both irrigations especially, cutoff irrigation may be due to the reduction of N losses with this treatments comparing with others and consequently increasing available N in the soil. Similar results were obtained by Antar, (2013) . 7 -Productivity of irrigation water (PIW, kg m -3 ) Data are presented in Table ( 8) showed that the values of PIW for maize grain and straw yields were greatly varied for different treatments in both seasons. Results in Table ( 8) revealed that, the low values of PIW for grain yield (0.95 and 0.96 kg m -3 for the first and second seasons, respectively) were found with traditional with one dose, and the high values (13.0 kg m -3 for both season) were found with cutoff with three doses in both seasons. With respect to PIW for maize straw yield, data showed that values of PIW were ranged from 0.97 to 1.0 kg m -3 with cutoff irrigation at 85 % from furrow length, while the corresponding values of PIW ranged from 0.82 to 0.84 kg m -3 with traditional irrigation without cutoff. Data also (Table 8) showed that, productivity of irrigation water for maize grain and straw yields, were higher with cutoff irrigation at 85 % from furrow length than with traditional irrigation. This is due to the less amount of irrigation water with cutoff irrigation at 85 % from furrow length compared to traditional irrigation without cutoff. 
CONCLUSION
Nitrate-nitrogen concentrations of subsurface drain effluent always exceed the maximum contaminant level of 10 mg/L (U.S. Environmental Protection Agency, 1991). Cutoff irrigation reduces the potential for nutrient loss through better irrigation and runoff control. The addition of N-fertilizer in one dose lead to high losses of nitratenitrogen into drainage water with negligible increase in maize yield.
